INTRODUCTION {#sec1-1}
============

Multiple sclerosis (MS) is a progressive autoimmune disease accompanied by a degenerative damage to the myelin sheath of the central nervous system (CNS).\[[@ref1]\]

Both prevalence and relapse of disease has noticeably raised in comparison to year 2007. This increase is even more threatening in Isfahan City in the whole Asia region;\[[@ref2]\] it is reported to be two to three times more popular in women with late adolescence compared to men. The reason for this disparity among the two sexes is not clear. This could be due to sexual difference; so recently, hormone therapy for MS has been greatly evaluated.\[[@ref3]\] A lot of studies have proven the correlation between sex hormones and the severity of disease. For example, MS exacerbation immediately before the menstruation cycle, when estrogen and progesterone levels are very low can be seen;\[[@ref4]\] also, the relapse of disease symptoms lowers during the last three months of pregnancy and again increases right after delivery. These changes are said to be due to immunological and hormonal changes.\[[@ref5]\] Although no definite treatment is known for MS, but modulators of immune system including sex hormones could be promising.\[[@ref6]\] Considering all that, provoking the capacity of myelin to rebuild or regenerate itself is a goal and it seems that the role of sex hormones in disease progression is inevitable.\[[@ref7]\] The aim of this study was the evaluation of sex hormone levels in reproductive age women with MS and their relationship with disease severity.

MATERIALS AND METHODS {#sec1-2}
=====================

This cohort (historical) study has been attempted on a group of patients who have been to Council of MS patients of Najaf-Abad in Isfahan City, Iran. The diagnosis was carried out by two experienced neurologists. Past medical history, clinical examination, magnetic resonance imaging (MRI), lumbar puncture (LP) and evoked potentials study were used (Poser criteria for definite MS).\[[@ref8]\] The disability status was evaluated by using the Kurtzke Expanded Disability Status Scale (EDSS).\[[@ref9]\] We included 16 relapsing remitting MS (RRMS) patients (16 patients for follicular phase and 16 patients for luteal phase) with an EDSS score of 2(1--5.5). Patients had no history of diseasemodifying treatments and during the past two months had not received any steroid treatment. All subjects were more than 15 and less than 35 years of age, had normal menstrual cycles and did not have a history of taking contraceptive pills or hormone replacement therapy. Thirty healthy age-matched subjects served as controls for every phase.

A blood sample in fasting condition was taken from all subjects, and the range of sex hormones including follicle stimulating hormone (FSH; mU/ml), luteinizing hormone (LH; mU/ml), progesterone (ng/ml), testosterone (ng/ ml), 17-β estradiol (pg/ml), prolactin (ng/ml), cortisol (ng/ ml), dehydroepiandrosterone sulfate (DHEA-S; μg/ dl), and dehydroepiandrosterone (DHEA; μg/dl) were measured during the follicular (day 3 to day 9) and luteal phases (day 21 to day 28)\[[@ref10]\] of their menstrual cycle by radioimmunoassay.

Data were stated as means ± standard deviations, using an independent t-test for the comparison of group's means and Spearman's correlation coefficient for evaluating the relation between disease severity and sex hormone concentrations. A P-value less than 0.05 was considered as statistically significant. All analyses was done using SPSS (v.16).

RESULTS {#sec1-3}
=======

The mean (SD) age of RRMS patients was 27.2 (4.6) years and that of healthy controls was 26.2 (4.1) years. The mean (SD) sex serum hormone levels in MS patients and controls are shown in [Table 1](#T1){ref-type="table"}.

###### 

Serum sex hormone concentrations in patients with multiple sclerosis and controls
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In female patients with RRMS during reproductive ages, levels of sex hormones including testosterone (*P* = 0.011, *P* = 0.035), DHEA-S (*P* = 0.039, *P* = 0.034), and prolactin (*P* = 0.001, *P* = 0.005) in the follicular as well as luteal phase, respectively, were significantly lower than those in the normal group but the estrogen level only in the follicular phase was significantly lower than that in healthy subjects (*P* = 0.026). Also, no significant difference was noted between other sex hormones in patients and controls. A positive correlation coefficient between FSH and EDSS scores (*r* = 0.406; *P* = 0.023) and a reverse correlation with estradiol (*r* = −0.471; *P* = 0.008) were found. No significant correlations were found between other sex hormone levels and EDSS score \[[Table 2](#T2){ref-type="table"}\].

###### 

Relation between sex hormone levels and EDSS score in MS patients
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DISCUSSION {#sec1-4}
==========

The cooperation between immune, endocrine, neural and genetic systems of the body could be a possible reason for the influence of sex hormones in MS.\[[@ref11]\]

Our results showed that testosterone, DHEA-S, and prolactin levels in MS patients were lower than those in normal subjects both in the follicular and luteal phase, but the level of estradiol only decreased in the follicular phase. In one study, in accordance with our results, they showed that testosterone levels in MS patients in both the follicular and luteal phase were lower than those in the normal group.\[[@ref10]\] They concluded that testosterone levels in MS and other autoimmune diseases, especially during the active phase of the disease decreased, and this reduction was consistent with severity of brain lesions; in addition, MRI results confirmed these data.\[[@ref10]\] Testosterone also plays an important role in repairing brain lesions and protective effects of this hormone have been shown in patients and animal models of MS.\[[@ref12]\] Wei and Lightman reported an overactivation of the hypothalamic-pituitary-adrenal axis occurred in parallel with inflammation,\[[@ref13]\] resulting in a decreased production of testosterone in MS patients.\[[@ref14]\] Lower testosterone levels could also describe lower levels of estradiol during the luteal phase of the menstrual phase because estradiol is produced from testosterone in the granulose cells.\[[@ref10]\] In addition, testosterone and its metabolites such as DHEA directly or through conversion to estrogen by the aromatase enzyme could affect the estrogen receptor.\[[@ref15]\] The decreased level of estrogen has been seen in MS patients.\[[@ref16]\] Tomasini showed that levels of estrogen only in the luteal phase were lower than those in controls. This discrepancy in our study could be explained with fewer patients in the control group compared to patients in the Tomasini study.\[[@ref10]\]

DHEA can also express anti-inflammatory effects. In animal studies, DHEA regulates the immune response and influences the production of interleukin-2.\[[@ref17]\] Roberts and Fauble showed that MS patients have a low level of this hormone and the administration of this hormone could help in treatment management.\[[@ref18]\]

In our studies, a positive correlation coefficient between FSH and EDSS score and a reverse correlation with estradiol were found, but in one research, women having the lowest testosterone concentrations had more brain lesions detected by MRI.\[[@ref10]\] In some studies any correlation between abnormal hormone balance and disease severity was not observed.\[[@ref16]\] In an animal model of MS, in female rats, no correlation was observed between the estradiol level and clinical symptoms.\[[@ref19]\] We assumed that, according to the chronically activated hypothalamic-pituitary-adrenal axis in MS patients,\[[@ref10]\] a peripheral resistance to gonadotropins combined with an abnormal central regulation induces the increased pituitary secretion of FSH.\[[@ref16]\]

However, there is evidence that testosterone and estradiol downregulate reactive gliosis and astrocyte proliferation,\[[@ref20]\] the major problems to axonal regeneration in the mammalian CNS.\[[@ref21]\]

In accordance with our study, Tomasini showed that the level of the progesterone hormone in patients and controls was similar.\[[@ref10]\] In a small series of studies, a significant relationship between the increase in the lesion size and low levels of progesterone was found, together with high levels of estradiol, suggesting that progesterone has an important role in treatment.\[[@ref22][@ref23]\] It is established that progesterone also helps in myelin formation by oligodendrocytes in the CNS both *in vivo*\[[@ref24][@ref25]\] and *in vitro*.\[[@ref26]\]

In one study, 30% of MS patients had mild to moderate high prolactin levels which were suspected to be associated with hypothalamic lesions.\[[@ref27]\] This hormone is produced by activated lymphocytes, as an immunoregulatory co-factor participating in the immunopathogenic mechanism of MS.\[[@ref28]\]

Heidbrink *et al*. determined cortisol and DEHA levels in serum and cerebrospinal fluid samples from 34 MS patients;\[[@ref29]\] the cortisol level was normal in MS patients which was in agreement with our study but this level was high in the cerebrospinal fluid during acute relapse of disease due to the increased activity of the adrenal-pituitary-hypothalamic pathway.\[[@ref29][@ref30]\]

Low levels of the mentioned hormones in MS patients could be explained by a probable mechanism for disease severity and therefore hormone therapy could be considered as an effective method for MS treatment. There is possibly a limitation of our study, it was better to calculate the progression index (PI) of patients and then obtain correlation between PI and sex hormone levels, but the duration of disease was not available for all patients.

It is concluded that the hormone-related modulation of disease severity supports the suggestion that sex hormones play a role in the inflammation and repair mechanisms.
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